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Supplementary Results and Discussion
The phylogeny that we recovered (Fig. S1) confirms many evolutionary relationships

among the major lineages of turtles (see Results and Discussion). Within families, the tree that
we recover is generally congruent with earlier work, although several novel relationships deserve
mention. The few cases of genus-level non-monophyly that we recovered are mostly centered
within the highly speciose Deirochelyinae subfamily of Emydidae (Fig. S1). This clade contains
several genera that appear to have diversified extraordinarily rapidly and have long presented a
challenge for accurate phylogenetic resolution (1—4). An earlier analysis of the deirochelyine
genus Pseudemys indicated that results were sensitive to the particular individuals used in the
analysis and uncovered pervasive uncertainty in this part of the tree, likely owing to its recent and
rapid diversification (3). We provisionally view our phylogenetic results for the deirochelyine
genera Trachemys, Graptemys, and Pseudemys in this same way, and suspect that they are
likely influenced by stochastic error and coalescent sorting associated with very short branches.
Targeted analyses that focus specifically on these clades and employ widespread within-species
sampling have had more success clarifying these challenging nodes (e.g., 32).

Outside of Emydidae, we identified two additional cases of genus level non-monophyly.
Within the tortoises (Testudinidae), we found that the monotypic Chersina angulata renders
Homopus paraphyletic, confirming the results of Hofmeyr et al (5). We recommend combining
these genera into Chersina, which has priority, as this would address the issue of non-monophyly
and avert the use of a monotypic name that conveys no information about evolutionary
relatedness (6). Similarly, we confirmed that the monotypic Stigmochelys pardalis is sister to
Psammobates, within which it was formerly included. Although both Stigmochelys and
Psammobates were reconstructed as monophyletic, we recommend returning S. pardalis to
Psammobates to convey their close evolutionary relatedness. Finally, our analysis rendered the
South American sideneck genus Mesoclemmys paraphyletic with respect to Phrynops by the
placement of the enigmatic, critically endangered M. hogei as sister group to the remaining
species of Mesoclemmys + Phrynops. The interrelationships of these species continue to be one
of the most challenging phylogenetic problems in the family Chelidae. We make no taxonomic

recommendations, but point out that the combination of management of some of the most



endangered turtles on earth (M. hogei, M. dahli) and taxonomic uncertainty indicate that further
work is needed to clarify these relationships.

Within the family Geoemydidae, previous studies have recovered the genus
Rhinoclemmys as sister to the remaining members of the family (7—11). Rhinoclemmys is the only
member of the family native to the Americas, suggesting that it may have diverged early in the
history of Geoemydidae. By contrast, we recover three reciprocally monophyletic groups within
the family, including 1) a clade containing several Indian and Southeast Asian genera
(Siebenrockiella, Orlitia, Malayemys, Geoclemys, Morenia, Pangshura, and Batagur) sister to 2)
Rhinoclemmys and 3) a clade containing the remaining 10 geoemydid genera. Although the
branch lengths supporting these relationships are short, they receive high support (posterior
probabilities all > 0.95, Fig. S1), and suggest a dramatically different early biogeographic history
for the family. To our knowledge, this is a novel hypothesis and clearly deserves further scrutiny.
These Indian and Southeast Asian genera have been sampled in previous phylogenetic studies
relatively rarely, and the most recent and large scale analyses do not include the necessary taxa
to evaluate this hypothesis (12, 13). The most salient difference between our analysis and all
previous analyses that recover Rhinoclemmys as sister to the Asian taxa is that a large fraction of
those datasets focused on data collected from a single locus (the mitochondrion), whereas we
sample only nuclear DNA. This difference appears to explain at least some other conflicts among
alternative analyses of turtle phylogeny. For example, analyses based on full mitochondrial
genomes (14, 15) recovered a different view for the phylogenetic position of sea turtles than most
other analyses (8, 12, 13, 16, 17). Adding genomic data from Siebenrockiella, Orlitia, Malayemys,
Geoclemys, Morenia, Pangshura, and/or Batagur to existing genome scale datasets would allow
for a strong test of this hypothesis.

We were able to obtain samples of at least two individuals for 230 species (82% of
species in the tree, and 66% of all turtles). Among these, we found that 183 (80%) were
monophyletic in the majority rule consensus tree. Again, the largest departures from species
monophyly occurred within the Deirochelyinae subfamily of Emydidae, and were mostly located in
the most species rich genera in that clade (including Graptemys, Pseudemys, and Trachemys).

Outside of the Emydidae, most mismatches between species level taxonomy and estimated



phylogeny occurred within the mud and musk turtles (Kinosternidae) and tortoises (Testudinidae).
Many of these cases represent splits that have been recognized in the last few decades, often
based on molecular assessments of one or a few genes. These highlight areas where additional
taxon and data sampling are critical before further taxonomic revisions are attempted.

Our analysis lacks data from 69 of the currently recognized extant species, mostly
centered in the Pleurodira, a clade which has been less intensively studied than the Cryptodira,
yet contains a large amount of diversity. The tree is also missing several of the softshell turtles
(Trionychidae), which is one of the most ancient lineages of crown group turtles and contains
many critically endangered species. The phylogenetic placement for some of these missing taxa
is reasonably well understood, while others present a real source of uncertainty. For example, we
were not able to collect data for the flatback sea turtle, Natator depressus, although it is known to
be a member of the extant marine turtles (family Cheloniidae), likely sister to Chelonia (18-20).
Likewise, we were unable to obtain data for the large softshell turtle Rafetus euphraticus. It is
almost certainly sister to the congeneric species Rafetus swinhoei (of which only three remaining
individuals are known in the world and for which we do have data). Others are less certain. For
example, the chelid turtle Pseudemydura umbrina is one of the most threatened turtle species in
the world. It is restricted to a small area of western Australia that has experienced extensive
habitat declines. The species is most likely sister to the clade that contains all other Australian

chelids, although some uncertainty remains (21-24).



Supplementary Figure Legends
Figure S1a. Majority rule consensus phylogram estimated from Bayesian phylogenetic analysis
of the concatenated partitioned dataset. Dots on the nodes indicate posterior probability: black >

0.95; gray 0.75 - 0.95; white < 0.75.

Figure S1b. continued from figure S1a.

Figure S1c. continued from figure S1b.

Figure S1d. continued from figure S1c.

Figure S1e. continued from figure S1d.

Figure S2. Results from best fitting geographic diversification rate model in Table 2. A) Ancestral

range estimates reconstruct nearly all transitions to coastal areas occurring after the Eocene-

Oligocene (dashed line) when these areas would have been exposed. B) Estimates of net

diversification and speciation indicate higher rates in coastal than inland areas. Results are

qualitatively similar to the model averaged analysis (Fig. 3).
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Fig. S1a

Carettochelys insculpta TNE931 7
¢—Carretoche¥ys insc;ﬁpta HBS119093 CarettOChelyldae
Cyclanorbis senegalens

is HBS16390 i :
cloderma aubryt FMINHI8752 Trionychidae
'gy

cloderma frenatum HB:

cloderma frenatum HB:
issemys scutata USN 44

L issemys scutata USNM520643
issemys punctata HBS125631
issemys punctata HBS125629 -

2

Trionyx triunguis TtSDZ
rionyx triunguis Tt24

S

Pelochelys b%roni HBS125633

-Pelochelys cantorij ACD3325
elochelys cantorii HBS1 255641

Pelochelys bibroni HBS118593 /"’ -
Chitra jngical_}-'IBS125617 fose f e
pira ndica ARG 3e S| Vi
i;]i.ttra ci;]i.ttra H|_‘BBS1122561?3 8 ;B 4
eitea coira 851288 R 200163 —

alone mutica RCT20
palone mutica HBS108560

\palone spinifera RCT35
"Apalone spinifera HBS23197

17
I il neri HBS11901
g egoggnqg%% P ana%fSl\mlng%SOS
ogania subplana USNM572079
myda cartilaginea AMNH106665
A’W-da cartilaginea FMNH258869
lilssonia gangetica HBS125646
Nilssonia hurum HBS 125639
Nilssonia_ hurum HBS 125638
Nilssonia formosa HBS 125645
ilssonia formosa HBS 125636

alea steindachneri HBS1190
0

Bermochel s coriacea MVZ149849 i
ermochelys coriacea MVZ149847 DermOChGIY|dae

helonia mydas HBS112690

Caretta caretta HBS1127!
acrocﬁe? S suwan,nier),s?s H%??‘P 08583
Macrochelys temminckii HBS108582 .
helydra serpentina HBS39713
)/dra serpentina HBS23551
Chelydra rossignonii HBS29331
Ivdra acutirostris USNMFS187920
helydra acutirostris HBS29330

Chel
Chel

'Chelonia mydas HBS109887 "' Cheloniidae
retmochelys imbricata HBS112687

‘Eretmochelys imbricata HBS112685
epidochelys olivacea MVZ158974

epidochelys olivacea HBS 125086

aretta caretta HBS112701

Chelydridae

ermatemys mawii HBS116867
ermatemys mawii HBS116865

Dermatemydidae
Claudius angustatus JAC1825175

Claudius angustatus HBS121589 Kinosternidae
-Staurotypus triporcatus P—ABS]l 1‘1 7791%

Stauro %/pus triporcatus

Stauro fypus salvinii HBS11

-Staurotypus salvinii HBS108669
gternotherus minor RCT60

Fig. S1c

Sternotherus odoratus CAS214343 .-
ternotherus carinatus RCT222 .-~
Sternotherus carinatus RCT21
Kinosternon baurii HBS108574
Kinosternon baurii HBS108576
inosternon subrubrum HBS35366 ..
_“Kinosternon subrubrum HBS119499 ..
%{nosfernon flavescens HBS107614
inosternon flavescens
inosternon durangoense Bﬂggg%g
Kinosternon durangoense UF108889
inosternon arizonense CAS228102
Kinosternon arizonense CAS228101

Kinostternon chimalhuﬁgas HBOS19 %0895
N T

e e B S A5 3

Kinosternon scorpioides cruentatum H

'Kinosternon scorpioides cruenégtum H

inosternon oaxacae H 5

’fnos?ernon inﬁ-:ngrum \R%%%M

inosternon sonoriense HBS119038

fSnesismon elses URME 34310

inosternon hirtipes 8L8L2R
-Kinosternon hir#pes 5L5L2R 0.028




Fig. S1b

Fig. S1d

—e

t—PIat sternon megacephalum USNM572077
Lt ty Donh 16255 ..

Platysternon megacephalum HBS162
lemmys guttata MVZ175961
Clemmys guttata FMNH265273 ...
Glyptemys muhlenbergii HBS108717 ..
Glyptemys _muhlc'nbe{%l HBS108716
lyptemys insculpta HBS108712
lyptemys insculpta HBS1 087‘1:13
1

Platysternidae
Emydidae

]
S

'mys (marmorata) pallida HBS39753
P Bemys (marmoratazigall/da HBS115
S39859

©,
=
=

mys marmorata 9
Emys marmorata HBS39734
'mys blandingii HBS23408
'mys blandingii HBS116243
-Emys orbicularis HBS108690
-Emys orbicularis HBS108694
'mys trinacris IPMB4707
'mys trinacris IPMB4706
Terrapene nelsoni Clm5 9
Terrapene ornata luteola HBS27363 ...
Terrapene ornata luteola HBS108701
Terrapene carolina HBS27240
Jerrapene coahuila LS586
-Terrapene coahuila C )4
Terrapene carolina triunguis HBS27385
Terrapene carolina tnungu:s HBS27365
Terrapene carolina HBST08689
é ierochelys reticularia reticularia MVZ137744
-Dierochelys reticularia chrysea HBS108680

Chrysemys picta RCT428
ﬁihrysemys picta H

Chrysemiys picta HBS27134

hfysemys dorsalis HBS26211
Chiysemys dorsalis HBS118632
Trachemys scripta scripta HBS108688
Trachemys scripta scripta HBS108687
Trachemys scripta elegans HBS27243
Trachemys scripta elegans HBS23001
Trachemys adjutrix HBS117931
Trachemys adiutrix HBS117932

rachemys gaigeae TNHC50875

95
Trachemys callirostris HBS123592
Trachemys callirostris HBS123591
rachemys callirostris chichiriviche HBS123594
lrachemys callirostris chichiriviche LACM183220
rachemys callirostris chichiriviche HBS123593
Trachemys venusta HBS117897 ..

=

rachemys emolli HBS123597
Trachemys terrapen JFP582
Trachemys decussata JFP640
Trachemys decussata JEP629
-Trachemiys terrapen JFP569
Trachemys stejnegeri HBS108772
rachemys stejnegeri HBS108728
rachemys decorata JEP600
rachemys decorata JFP598
Pseudemys alabamensis HBS123554
-Pseudemys concinna HBS117856

seudemys texana RCT66
seudemys texana RCT2

472
-Malaclemiys terrapin MVZ137745
raptemys barbouri RCT51
Graptemys barbouri RCT277. N
raptemys pseudogeographica kohnii RCT10
Graptemys pseudogeographica pseudogeographica RCT83
raptemys pseudogeographica seqdo%eosq{aphlca RCT379
Graptemys ouachitensis ouachitensis RCT:
raptemys flavimaculata RCT28
raptemys nigrinoda nigrinoda RCT33
Graptemys nigrinoda nigrinoda RCT259 e
Graptemys nigrinoda delticola RCT292
raptemys nigrinoda_delticola RCT291
Graptemys versa RCT327 i
raptemys pseudo?eograph/ca kohnii RCT73
Graptemys ouachitensis ouachitensis RCT406
Graptemys versa RCT69
raptemys caglei RCT440
Graptemys caglei RCT431
Graptemys oculifera RCT315
Graptemys oculifera RCT26
raptemys flavimaculata RCT140
raptemys pulchra RCT34
raptemys pulchra RCT258
raptemys ernsti RCT45 .

76
raptemys pearlensis RCT309
Graptemys pearlensis RCT242

raptemys gibbonsi RCT185
raptemys gibbonsi RCT170

0.028



Fig. S1c

0.028

©
=

lanouria impressa HBS1
lanouria emys emys HBS1
lanouria emys emys HBS1
tManouria emys emys HBS1
anouria emys phayrei HBS
lanouria emys phayrei HBS
lanouria emys phayrei HBS

4 Testudinidae
449
1Sp

0
9439

NN
NN
e

SXS0

(2]
AR
OO0
TAENA
®

Q0
OS5
0o
o
NN

®
<[O
o
(=]

S5tido margmata HES12]
Jestudo kleinmanni MVZ238088

1127
<ini; i } 792
igmoch i S109888 oo
I?ssammobbafztas t?ntoriqs verroxi HHBBS s1 111 g 585
Crmapusaracitie HLS Y3694
-Homopus areolatus HBS 124035
hersina angulata HBS112643
lomopus boulengeri AMCC 106886
lomopus signatus AMNH141760
—4 -Homopus signatus HBS122118 X
8en§roche/ S su’cafa RBS1 191112 5
Sicsclell sl NS0
eochelone elegans MVZ244882
Geochelone platynota HBS119442
eochelone plafynota HBS119443
eochelone platynota HBS119441
helonoidis denticulata MVZ175392

noidis h nsis HBS117
e%noq%’lss t%’n%%nseﬁsljs ﬁé§151371541
helonoidis duncanensis HBS117540
Che;ono[g(s cha-gamens(s HBS1 172%2
€/0N0l chathame,
(L:,%elonoq 1’3 aj 7r g(/gm’ﬁgéﬁﬂlg
idi: eri HBS117538
noidis porteri HB: 7
Idabrachelys sp HBS1 &
HBS i

lan
ani

ani

ani 34
-P) %[s arachnoides brygooi HBS117728
Xis arachnoides oblonga HBS119446
A 'yxis arachnoides oblonga

i hnoides obl HBS117731

Flg. S1e xis arachnoides oblonga HBS 119447
xis arachnoides arachnoides HBS117737
'yxis arachnoides arachnoides HBS117734




Fig. S1d

1

31
_qw{ayachel s silvatica FMNH224188 ...
el

gSacah’a quadriocellata MVZ230484

eoemyda spengleri MVZ208234
& eoemyda spengleri AMN|1-1 51 82625

iebenrockiella leytensis PNM8488 i
o amrockialla Ioemers PACM183228 Geoemydidae
Siebenrockiella crassicollis FEMNH259054

Siebenrockiella crassicollis FMNH259053
Orlitia borneensis HBS108664

it rneensis Al 6!
O B o M79330473
-Malayemys khoraténsis FMNH258868
eoclemys hamiltonii HBS123613 ...
Geoclemys hamiltonii HBS 108665
-Morenia petersi FMNH260378
orenia ocellata USNMFS36847
‘Morenia ocellata US
-Pangshura sylhetensis 1241
-Pangshura téecta AMCC 166665
angshura tentoria HBS116256
Pangshura tentoria HBS116255
Pangshura smithii smithii HBS123632
angshura smithii smithii HBS123631
-Pangshura smithii LACM18321
-Pangshura smithii AMNH 166664
ardella thurjii AMNH125655
lardella thurjiit AMNH 125654
atagur trivittata HBS1 1244(1)

=

21
-Rhinoclemmiys rubida HBS112647
hinoclemmys pulcherrima MVZ230924
'Rhinoclemmys pulcherrima AMNH 168669
hinoclemmys annulata USNM559586
Rhinoclemmiys annulata USNM281878
-Rhinoclemmys areolata HBS108667 -----.
-Rhinoclemmys melanosterna HBS118626
Rhinoclemmys funerea USNM559588
-Rhinoclemmiys funerea USNM559587
-Rhinoclemmys punctularia HBS 123634
Rhinoclemmys punctularia HBS123633
hinoclemmys diademata HBS121588

ey

Rhinoclemmys diademata HBS

-Melanochelys trijuga FMNH224247 e
Melanochelys trijuga thermalis LACM183225 ...
-Melanochelys trijuga AMNH168668 " o
eucocephalon yuwonoi MVZ241499
eucocephalon yuwonoi HBS118604
NotocheI}/s plai {vnota FMNH267644
otochelys platynota FMNH267643
otochelys platynota FMNH267641
-Sacalia quadriocellata FMNH256542
Sl e s i)
alia bealei
ifeosemys spinosa 38%1 1243
Heosemys spinosa HBS1 1019
1

leosemys depressa HBS
leosemys depressa HBS112:
-Heosemys grandis HBS11243
leosemys grandis HBS108666
leosemys annandalii MVZ241498
leosemys annandalii FMNH259074
yclemys dentata HBS117904
clemys pulchristriata FMNH259050
Cyclemys atripons FMNH262711
Cyclemys atripons FMNH262710
yclemys sp FMNH267458
Cyclemys dentata HBS117903
clemys fusca CAS210070
yclemys fuscaXoldhami sp CAS208423
yclemys oldhami USNMFS35571

eoemyda japonica HBS12
eoemyda japonica HBS121586
-Geoemyda japonica AMNH 166658
uora mouhotij HBS41868
Cuora mouhotii HBS41865
Cuora amboinensis TNHC62989

uora amboin gq_féssggﬁlig%ﬁw

i
uora pictura
uora picturata FMNH261575
uora galbinifrons FMNH256544

-Cuora galbinifrons FMNH255694
uora bourreti FMNH261579
uora bourreti FMN EF?F! 874
uora yunnanensis 1

Cuora zhoui. HHBBSS4 41 18é352

ora zhoui
'(f'uara’}?avomarg(nataSMV2230464
%uora flavomarginata HBS41895
Cuora trifasciata KFBG030278065

uora trifasciata KFBG030552847

uora mccor(zj; ||:||E?884‘? 893

uora meccordi,

uora aurocapitata éM%\?Ig]Zm 570
uora auroce é)/tata MVZ234642
uora pani HBS41890
uora pani HBS117865

0.028



Testudinidae

Geoemydidae

Emydidae

Platysternidae—~

N
Chelydridae \
Kinosternidae

—< _
. Dermochelyidae
Dermatemydidae Cheloniidae
B.
-f:’ 0.10 0.10
S 0.08 S 0.08
L Ke)
-“é 0.06 i *g 0.06 — i
Q 0.04 o 0.04
2 —_—
5 0.02 - 1 ——— : & 0.02 1 —_—
[0) - -
£ 0.00 | : | 0.00 | | |
Coastal Inland Widespread Coastal Inland Widespread

Figure S2. Results from best fitting geographic diversification rate model in Table 2. A) Ancestral range estimates
reconstruct that nearly all transitions to coastal areas occur after the Eocene-Oligocene (dashed line) when these
areas would have been exposed. B) Estimates of net diversification and speciation indicate higher rates in coastal

than inland areas. Results are qualitatively similar to the model averaged analysis (Fig. 3).
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